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8.3. Prothrombin
THE CARBOXYLATION OF
PROTHROMBIN PRECURSORS IN A
BOVINE LIVER CELL.FREE SYSTEM
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H. C. HEMKER
Department of Biochemistry, State University of Limburg, Maastricht,
The Netherlands
ABSTRACT
V i tam in  K -dependen t  ca rboxy la t i on  was  s tud ied  i n  pa r t l y  pu r i f i ed  bov ine  l i ve r
enzyme  sys tems  ( ca rboxy lase ) .  As  t he re  i s  no  abso lu te  r equ i r emen t  f o r  an  exogenous
q r r h e f r r f F  r h o  o n z r r n  L - L l , ,  ^ ^ - * - i -  ^ ^ i ^L r re  e ' a ru l e  p repa ra t ronsmos t  p robab l y  con ta i n  endogenous  subs t ra tes ,
Carboxylase l^ /as prepared,  e i ther f rom normal cows or f rom cows that  i rad been
an t i coagu la ted  w i t h  a  v i t am in  K  an tagon i s t .  I n  ca rboxy lase  f r om an t i coagu la ted
cows the carboxylat ion was 20-fo ld enhanced as compared to carboxylase obtained
f ro rn  no rma l  cows .  Th i s  i s  p robab l y  due  t o  i nc reased  quan t i t i e s  o f  endogenous
subs t ra te  as  i n  t he  p rese l r ce  o f  an  excess  o f  exogenous  subS t ra te  bo th  ca rboxy lase
p repa ra t i ons  i nco rpo ra te  l 4CO2  equa l l y  we l l .
KEYWORDS
V i tam in  K ,  ca rboxy lase ,  p ro th romb in  syn thes i s ,  an t i coagu la t i on ,  y - ca rboxy -
g l u t a m i c  a c i d ,  w a r f a r i n .
INTRODUCTION
Dur i ng  an t i coagu la t i on  w i t h  v i t am in  K -an tagon i s t s ,  t he  b l ood  p l asma  l eve l  o f  t he
four v i tamin K-dependent coagulat ion factors decreases,  and an abnormal form of
these factors ar ises in man and in the coi , r  (Hemker and coworkers,  1963; Ganrot
and  N i l ehn ,  1968 ) .  r t  was  sho rnm tha t  t he  no rma l  c l o t t i ng  f ac to r s  con ta i ned
nea r  t he  N - te rm ina l  r eg ion  t en  t o  twe l ve  g l u tam ic  ac i d  ( g l u )  r es i dues  wh i ch  had
been  ca rboxy la ted  a t  t he  y -pos i t i on .  These  y - ca rboxy  g l u tam ic  ac i d  ( g1a )  r es i dues
tu rned  ou t  t o  be  no rma l  g l u  r es i d r res  i n  t he  abno rma l  c l o t t i ng  f ac to r s  (S ten f l o
and  coworke t s ,1974 ) '  The  l a t t e r  f ac to r s  we re  des igna ted  t he re fo re  as  deca rboxy
fac to r s .  r t  seemed  ev idenE  to  cone lude  t ha t  v i t am in  K  med ia tes  i n  an  uD  t o
then unknown carboxylat ion react ion.
A f t e r  t h i s  d i scove ry  a  r umbe r  o f  peop le  deve loped  l i ve r  ce l l - f r ee  sys tems  f r om
the  wa r fa r i n  t r ea led  ra t ,  i n  wh i ch  l 4co2  was  i nco rpo ra ted  i n t o  TCA  p rec i p i t ab l e
ma te r i a l  and  i n  a  v i t am in  K -dependen t  way  ( su t t i e  and  coworke rs ,  1979 ) .  A "  p ro -
thrornbin precursors accumulat .e in the rat  l iver  dur ing warfar in t reatment,  th.""
enzyme systems (carboxylase) contained substant ia l  amounts of  the natural  sub-
s t r a te  ( ca r l i s l e  and  coworke rs ,  1975 ) .  r n  ou r  l ab  we  p repa red  ca rboxy lase  f r om
cow l i ve r .  As  t he  deca rboxy  f ac to r s  a re  r e l eased  i n  t he  b l ood  du r i ng  an t i -
coagulat ion,  i t  seemed probable that  hardly any prothrombin precursors are presenr
i n  t hese  ca rboxy lase  p repa ra t i ons .  The re fo re ,  we  s tud ied  whe ihe r  pu r i f i ed  de -
carboxy prothrombin might  serve as a substrate for  the v i tamin K-deoendent
carboxylat  ion .
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MATERIALS AND METHODS
Chemical  s
Vi ta; I ;Kt  was obtained f rom Hoffmann-La
ana  su t t i i i s i n  f r om S igma ,  uSn .  xan l4co3
Radiochemical  Centre,  Amersham, England.
M e r c k ,  G . F . R .
Roche,  Swi tzer land,  and.  war fa r in
(50 mCi/mmol) was Purchased bY The
A11 other chemicals were obtained from
Prepara t ion  o f  decarboxy  Pro thrombin
ed for I  week with 300 mg of warfarin
da i l y .  A f te r  th is  per iod ,  they  were  e i ther  sacr i f i ced  fo r  the  produc t ion  o f
carbtxylase (see bl low) or 5 i  of blood were withdravrn for the production of
decarbtxy prorhrombin. Decarboxy prothrombin was purif ied as described by
Vermeer  and coworkers  (1978 a) .
Crude  m ic rosomes  we re  P rePa red as descr ibed ear l ier  (Vermeer and coworkers,
l 9 7 g  b ) ,  a n d  e x r r a c t e d  w i i h  0 . 5  Z  t r i t o n  X - 1 0 0  i n  I  M  K C l ,  0 . 0 2  M  t r i s - H C l '
pH  7 ,8 .  I nso lub le  ma te r i a l  was  removed  by  cen t r i f uga t i on . ( l i  h ,  150 ,000  x  g )  and
the supernatant  was designated as carboxylase'  The solut ion was di luted in such
a way,  that  I  n l  of  carboxylase was equivalent  to I  g of  l iver '  Carboxylase
, ."  prupaa.d f rom normal covrs as wel l  as f rom ant icoagulated cows in a s imi lar
way .
Measurement of  carboxYlase
f f i a s u r e d i n r e a c t i o n m i x t u r e s o f 0 . 5 m 1 w h i c h c o n t a i n e d
0 . 2  m l  s o l u b i l i z e d  c a r b o x y l a s e ,  0 . 3  M  N a C l ,  0 ' 0 5  M  t r i s - I t C l '  p H  8 ' 0 '  O ' 2  Z .
t r i t on  X -100 ,  20  UC i  NaH14CO3  and  exogenous  subs t ra te  as  i nd i ca ted .  The  m ix tu res
were incubated at  25oC and caiboxylat ion r . t  s tar ted by adding l0 pM chemical ly
reduced  v i t am in  K1 ,  The  reac t i on  was  s topped  by  p rec i p i t a t i on  w i t h  TCA ,  f o l l owed
by centr i fugat ion.  The precip i tates were dissolved in I  ml  I  M NaOH and repre-
" i p i t r t " a  
r f t n  r c l  ( 3  t imes ) .  F i na l l y ,  t he  p rec i p i t a t es  we re  d i sso l ved  and
coun ted .
i r " r r  p "p t i des ,  wh i ch  we re  some t imes  used  as  subs t ra tes  f o r  ca rboxy lase ,  do  no t
pru" ip i t . t "  in TCA. In that  case t races of  unbound 1abel  were renoved f rom the
icA r lp"r . r . tant  by vacuum extract ion over KOH, whereaf ter  the samples were
coun ted .
RESULTS AND DISCUSSION
The incorporat ion of  l4COt in endogenous substrate hTas measured af ter  several
per iods oi  t i r "  in carboxf l " r"  pt" f " t .d f rom normal and f rom ant icoagulated
cows (Fig.  I  A) .  I t  turnei  out '  that  in both systems carboxylat ion could be
demonstr i ted which means that  both systems contain a substrate for  carboxylase'
l4oreover,  carboxylase obtained f rom ant icoagulated cows exhibi ted a 20-fo1d
; ; ; ; ; ; ; ' " i  l4coz io"orporat ion as compared to normal  carboxylase.  Analvsis of
the react ion ptodrr" t  on polyacry lamide geLs in SDS showed, that  about 702
of rhe label  had Ueen i r r "orporaied in a protein wi th a M'W' of  70,000 D 
( t  2000) '
which is  the M.w. of  prothrornbin.  when thrombin was added to the samples
b e f o r e e l e c t r o p h o r e s i s ' t h e T 0 , 0 0 0 D p e a k h a d d i s a p p e a r e d a n d a l l o f t h e l a b e l
was  recove red  i n  a  new  peak  a t  24 ,OOO O (+  1000 ) .  Th i s . i s - t he  M .w .  o f  f r agmen t - I ,
the N-terminal  f ragrnent that  is  c ieaved f iom prothronrbin by thrombin 'Therefore,  
we
bet ieve that  most  of  the endogenous substrate is  a prothrombin preeursor.
We also examined whether pur i f ied decarboxy prothrombin could serve as an exo-
; ; " ; " ;  substrate (Fig.  I  i ) .  r "  these exper imenrs,  we used earboxylase f rom
normal cows, because i t  probably contains less endogenous substrate than
carboxylase f rom ant icoagulated- cows does.  From these exper iments i t  turned
o u t :
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A. Tirne course of  carboxylase obtained f rom normal cows (O-O) and that
obtained f rom ant icoagulated cows (  o.__O ) .
B.  carboxylat ion in Lhe presence of  var ious concentrat ions of  decarboxy
prothrombin:  V-V 0.3 mM; A_--d,  0.07 rnI" I ;  O-O 0 mM. The
exper iments were performed wi th carboxylase f rom normal cows.
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a)  that  adding decarboxy prothrombin to the react ion mixtures strongly enhances
the carboxylat ion react ion and
b) that  in the presence of  an excess of  substrate,  carboxylase f rom normal cows
is equal ly  wel l  act ive as carboxylase f rom ant icoagulated cows.
However,  as a h igh Ky was measured for  decarboxy prothrombin (about 0.5 mM),  the
lat ter  could not  be looked upon as a good substrate for  carboxylase,
A bet ter  substrate was obtained when decarboxy prothrombin was c leaved wi th
sepharose-bound subt i l is in.  This c leavage resul ted in a f ragment of  g000 D(1 1000) wi th a Ky of  about 0.03 mM. Therefore,  th is f ragment is  a much bet ter
substrate for  carboxylase.  As is  shown in f ig.  2,  or . ly  carboxylase f rom normal
cows can te st imulated by th is low molecular  weight  substrate.  The most p lausib le
interpretat ion of  these resul ts is ,  that  s imi lar  amounts of  carboxyl"r"  
" r"present in l iver  t issuc f rom normal cows and f rom ant icoagulated ones,  and that
dur ing ant icoagulat ion the endogenous substrate is  not  cornplete ly re leased as
decarboxy prothrombin,  but  part ly  accumulates in the l iver ,  Moreover,  i t  seems
that  decarboxy prothrombin as i t  is  obtained f rom blood plasma, is  not  a good
subs t ra te  f o r  ca rboxy lase .  A  be t t e r  subs t ra te  i s  ob ta i ned  a f t e r  l im i t ed  p i o teo l y t i c
degradat ion.  Speculat ing about th is phenornenon one might  expect  that  in v ivo
the  ca rboxy la t i on  reac t i on  i s  f o l l owed  by  a  second  nod i f i ca t i on  (e .g .  a  g l ycosy l -
at ion or  l imi ted proteolysis at  the N-terrn inal  s ide).  When the carboxyla i ion is
temporar i ly  b locked by v i tamin K-antagonists,  th is last  modi f icat ioo is  st i11
carr ied out  on the decarboxyfactors,  which then enter  the blood stream. This
modi f icat ion hampers the in v i t ro carboxi , lat ion in our system.
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Fig.  2 A.  Time-course of  the carboxylat ion react ion in a normal  cow l iver  systeo
in the absence (a-O) and presence (  t r_*O )  of  subt i l is in-
f ragmenEed decarboxy prothrombin,
FLg. 2 B.  Time-course of  the carboxylat ion react ion in an ant icoagulated cow
l iver syst .em in the absence (  (H )  and presence (  l -1)  of  sub-
t i l is in- f ragmented decarboxy prothrombin.
Both f igures represeot the tota l  amount of  dpm found in the TCA
precip i tate and in the TCA supernatant .
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